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Abstract
The supersymmetric particles (sparticles) belonging exclusively to the electroweak
sector of the minimal supersymmetric standard model (MSSM) may hold the key to the
observed dark matter relic density in the universe even if all strongly interacting spar-
ticles are very heavy. The importance of the light EW sparticles in DM physics and in
producing spectacular collider signals is emphasized. It is shown that even the prelimi-
nary data on the direct searches of these sparticles at the LHC, significantly constrain the
parameter space of the MSSM compatible with the observed relic density and provide
useful hints about the future search prospects. If in addition to the electroweak sparti-
cles the gluinos are also within the reach of the LHC experiments, then the gluino mass
limits in the light slepton scenario obtained via the canonical jets + E/T channel may
be relaxed by as much as 25 % compared to the existing limits. But the corresponding
same sign dilepton (SSD) + jets + E/T signal will yield enhanced limits competitive with
the strongest limits currently available. This is illustrated with the help of benchmark
scenarios at the generator level using PYTHIA. If the gluinos are just beyond the cur-
rent reach of the LHC, then the generic n-lepton + m-jets + missing energy signal may
discriminate between different DM producing mechanisms by comparing the signals
corresponding to different values of n. This is illustrated by simulating the signals for n
= 0 and n = 2 (the SSD signal).
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1 Introduction
Supersymmetry(SUSY) is a theory of elementary particles which for the first time relates
bosons and fermions through symmetry transformations (see e.g., [1–3]) . Apart from its aes-
thetic appeal this theory solves several practical problems. For example, the standard model
(SM) of particle physics has no explanation of the observed dark matter (DM) relic density in
the universe [4, 5]. In contrast the minimal supersymmetric standard model (MSSM) 1 with
R-parity conservation provides an attractive DM candidate: the lightest neutralino (χ˜01) [3,6].
This weakly interacting massive particle (WIMP) is chosen to be the lightest supersymmet-
ric particle (LSP) in many SUSY models. By virtue of R-parity conservation it is stable
and whenever an unstable heavier superparticle (sparticle) is produced in an accelerator it
eventually decays into the LSP.
Being a stable WIMP the LSP escapes detection, providing there by the missing energy
signature - the hallmark of sparticle production. This is one of the many spectacular inter-
connections between particle physics and cosmology. Naturally the search for SUSY had
been a top priority programme at the recently concluded experiments at the Large Hadron
Collider (LHC) at 7 and 8 TeV [7–10] and will continue to occupy the central stage of the
upcoming LHC experiments at 13/14 TeV. These experiments mainly searched for strongly
interacting sparticles (squarks and gluino) and non-observation of signals resulted in strong
bounds on their masses.
A large number of phenomenological analyses have also addressed the issue of SUSY
search at the LHC-7/8 TeV experiments [11]. The implications of the LHC constraints for
neutralino DM in the MSSM [12–15] as well as in models with specific SUSY breaking
mechanisms [16]have been studied in some recent analyses.
However, in many scenarios the most stringent bounds from the LHC and the DM relic
density are sensitive to different sectors of the MSSM parameter space. The LHC data may
have little bearing on DM physics in such models. This intriguing possibility was recently
emphasized in [15].
The minimal supergravity (mSUGRA) model [17], also known as the constrained MSSM
1In this paper MSSM stands for a general model without specific assumptions regarding SUSY breaking.
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(cMSSM), is a case in point. Here the above strong squark-gluino mass bounds can be easily
translated into severe restrictions on the spectrum of the EW sparticles. As a result it is now
well-known that the mSUGRA parameter space allowed by the relic density data has been
severely depleted by the LHC constraints [16].
In contrast the sparticle spectra in the strong and EW sectors are independent in the
unconstrained MSSM. For a given strong sector consistent with the LHC data, there could
be many allowed EW sectors with different characteristics. This was illustrated in [15] with
the help of several benchmark scenarios. These scenarios consist of different EW sectors
each consistent with the relic density data. It was found that the changes in the squark-gluino
mass limits were rather modest (10 - 15 %) of the order of the theoretical uncertainties in
most scenarios 2.
In the unconstrained MSSM the EW sector is, therefore, restricted by the rather modest
bounds from LEP [20] and Tevatron [21] only. These bounds obtained by direct search of EW
sparticles, are much smaller than the TeV landmark for supersymmetric models in general.
Model independent lower limit on the chargino mass from LEP data is 103.5 GeV [20]. The
same on the slepton (smuon) mass is 96.6 GeV 3 (for mχ˜0
1
= 40 GeV). The limit from the
unsuccessful trilepton search at the Tevatron is 145 GeV on chargino mass for a specific
choice of parameters in the mSUGRA model.
It was also illustrated in [15] that there are many purely electroweak annihilation and
coannihilation mechanisms for DM production in the unconstrained MSSM which are not
viable in the cMSSM (see Section 2.2 of [15]). Some examples are annihilation of a LSP
pair into the lighter Higgs scalar resonance or the Z resonance, the LSP - sneutrino co-
annihilation etc. Thus direct constraints on the EW sector from the LHC are of crucial
importance.
It is encouraging to note that the LHC data on direct production of EW gauginos (the
2 In [15] as well as in this paper it is assumed that the masses of the sparticles in the strong and EW sectors
are well separated. In compressed SUSY models [18] with approximate mass degeneracy between the above
two sectors the squark-gluino mass limits are significantly weaker [7, 19]
3This limit is valid for the R-type smuon. However, it also yields a conservative limit for L-type sleptons
having larger production cross section.
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charginos and the neutralinos) and charged sleptons 4are now available (see below). In this
paper we shall extend the analysis of [15] using more recent LHC data including the mea-
surement of the Higgs boson mass [22] and the results of the direct searches for the elec-
troweak(EW) sparticles.
Searches for direct production of electroweak sparticles have been carried out by both
ATLAS [23, 24] and CMS [25] using LHC data recorded at √s = 7 TeV. Both ATLAS and
CMS have updated these results at
√
s = 8 TeV using 13.0 fb−1 [26] and 9.2 fb−1 [27] of data
respectively. As no excess was observed in any of the channels studied so far, upper limits
at 95% CL were set on the relevant parameters in the R-parity conserving phenomenological
MSSM (pMSSM) model [28] and in several simplified models.
These limits are presented in the figures of [23–27]. Some of the figures have been
reproduced in this paper for ready reference (see the next section). We wish to stress that
these constraints are either independent of or very mildly dependent on the strong sector.
Most of the above models contain sleptons (either L or R-type) lighter than the lighter
chargino and the second lightest neutralino. This feature spectacularly enhances the leptonic
signals from the pair production of EW gauginos in general. Moreover, the current direct
slepton searches at the LHC are already sensitive to light L-type sleptons.
From the point of view of collider signals alone these models may appear to be only a
subset of many possibilities in the MSSM. They, however, become more appealing in the
context of neutralino DM. It is well known that the presence of the light sleptons provides
efficient mechanisms for relic density production in the Universe. The importance of the
R-sleptons in this respect has been appreciated for a long time. It was recently emphasized
in [15] that even with light L-sleptons and sneutrinos, the LSP-sneutrino coannihilation may
turn out to be an important DM producing mechanism. Moreover, the contribution of light
sleptons and gauginos can enhance the theoretical prediction of the (g − 2) of the muon
((g − 2)µ) which appears to be supported by experiment [29]. This will be briefly discussed
in a subsequent section.
If in addition to light EW sparticles, there are squarks and gluinos within the reach of
4In this paper lepton (slepton) usually denotes a particle (sparticle) carrying e or µ flavour. If the discussion
involves τ or stau, it will be explicitly mentioned.
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future LHC experiments, the light slepton scenario may significantly modify the signatures
of squarks- gluino production. Typically these signatures consist of final states with n -
leptons + m - jets + E/T , where n and m are integers. It is usually believed that the n = 0
case provides the best discovery channel or produces the strongest mass limits. In the light
slepton scenario the EW gauginos present in the squark-gluino decay cascades, decay into
final states involving e and µ with large branching ratios (BRs). This depletes a part of the
zero lepton signal weakening there by, the prospect of discovery or the mass limits. This was
also demonstrated in the context of the Tevatron data on squark gluino production [30]. In
contrast the signal with n ≥ 1 will be correspondingly enhanced. On the other hand if the
above gauginos dominantly decay into τ rich final states via a light stau, the 0l signal will
be enhanced. These points were discussed [15] along with demonstrations in benchmark
scenarios using 7 TeV data.
In this paper we shall address these issues in further details in the light gluino - heavy
squark scenario using the data from the 8 TeV run. The possible enhancement of signals with
n ≥ 1 will be illustrated with the help of the same sign dilepton (SSD) + jets +E/T channel.
We shall demonstrate that in some regions of the parameter spaces under consideration, the
SSD channel may even provide better sensitivity compared to the 0l channel.
The plan of the paper is as follows. In Section 2 we shall consider several models
constrained by the ATLAS and the CMS collaborations from electroweak SUSY signals and
identify the parameter spaces compatible with both LHC and DM relic density data. We shall
also consider some variants of the above models which leave the collider signals unaltered
but provide elegant mechanism of relic density production. In Section 3 we shall discuss
qualitatively some issues related to future electroweak SUSY signals. We shall also consider
the modification of gluino mass limits in the light slepton scenario. The relative strength of
the jets + E/T and SSD + jets + E/T signal will be advocated as the smoking gun signal of
the light slepton scenario. We shall also briefly comment on (g − 2)µ in the light slepton
scenario and its compatibility with ATLAS [26] and the relic density data. Our main results
will be summarized in the last section.
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2 Neutralino DM in the MSSM with light EW sparticles
We begin by briefly reviewing the chargino-neutralino sector of the MSSM. In the most gen-
eral MSSM the charginos (χ˜±i , i = 1,2) and the neutralinos (χ˜0i , i = 1-4) are admixtures of
the SU(2) gauginos (the winos), the U(1) gaugino (the bino) and the higgsinos (the super-
partners of the Higgs bosons) with appropriate charges. These mixings essentially depend
on 4 parameters - the gaugino mass parameters M1 and M2, the Higgs mass parameter µ
and tanβ, the ratio of the vacuum expectation values of the two Higgs doublets. For |µ|
>> |M2| > |M1|, χ˜01 is bino (B˜) dominated and the lighter chargino χ˜±1 (the second lightest
neutralino χ˜02) is mostly a charged (neutral) wino, but for |M1| > |M2|, χ˜01 (χ˜02) is dominantly
the neutral wino (bino). On the other hand if |M1| ≃ |M2| the two lighter neutralinos are
admixtures of the neutral wino and bino. In the limit, |µ| << |M1|, |M2|, the two lighter
neutralinos and the lighter chargino are all mostly higgsinos with approximately the same
mass determined by µ. If |µ| ≃ |M1| ≃ |M2|, some of the mass eigenstates will be strongly
mixed. As we shall see below the ATLAS and the WMAP data in conjunction shed light on
the composition of the LSP in different scenarios.
Through out this paper we have set mh ≈ 125 GeV by taking the trilinear soft breaking
term At as large (-3 to -4 TeV). No special SUSY breaking mechanism has been assumed.
However, if any model considered in this paper can be motivated by a mSUGRA type sce-
nario with radiative EW symmetry breaking and non-universal soft breaking terms, we have
pointed it out.
The ATLAS collaboration have searched for chargino-neutralino (χ˜±1 − χ˜02) pair produc-
tion [23, 24, 26] within the following frameworks.
• The Light Gaugino and R-slepton (LGRS) Model: This is a phenomenological MSSM
(pMSSM) 5 inspired scenario with light R-type sleptons: Here tan β = 6 and three
representative values M1 (a) 100, (b) 140 and (c) 250 GeV have been considered.
These models will be referred to as LGRSa, LGRSb and LGRSc respectively. The free
parameters are M2 and µ. The masses of the R-type sleptons of all three generations
5 The pMSSM is a model based on the MSSM with some extra assumptions like no flavour changing neutral
current, no CP violation etc. It has 19 free parameters all defined at the EW scale [28]
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are assumed to be degenerate and given by ml˜R = (mχ˜01 +mχ˜02)/2. All other sparticles
including L-type sleptons and sneutrinos are assumed to be heavier than 2 TeV. In this
case χ˜±1 decays exclusively to tau leptons as the chargino couples dominantly to the τ
via its higgsino component. The χ˜02 decays into charged lepton-antilepton pairs of all
flavours with equal BRs.
A WMAP allowed model sharing some features of the LGRS model considered in
this paper and its signatures at 14 TeV LHC were recently discussed in [13]. How-
ever, the focus was on rather light bino like LSP with mass in the interval 1 GeV
<
∼ mχ˜0
1
<
∼ 30 GeV. Also much larger values of tan β were assumed so that the lighter
stau mass eigenstate was lighter than the R-type selectron or smuon. As a result LSP
pair annihilation was dominated by stau exchange although other R-type sleptons also
contributed. The chargino and the second lightest neutralino with significant Higgsino
components, decay dominantly to the lighter stau. Thus the hadronically quiet trilep-
ton signature looked for by the recent LHC experiments will be strongly suppressed
in this case. However, the observability of tau rich final states arising from squark -
gluino decay cascades in experiments at 14 TeV was discussed in [13].
• The Light Gaugino and L-Slepton (LGLS) Model: In this simplified model the free
parameters are the masses of χ˜±1 , χ˜02, χ˜01, l˜L, ν˜. It is assumed that the lightest neutralino
is bino like and χ˜±1 and χ˜02 are wino like. All L-type slepton masses are chosen as
ml˜L = mν˜ = (mχ˜01 + mχ˜±1 )/2. As a result the BR of chargino decay in slepton-
neutrino and sneutrino-lepton mode of each flavour is the same. Similarly the χ˜02 decay
into neutrino-sneutrino and lepton-slepton pairs of each flavour with equal probability.
• The Light Gaugino Heavy Slepton (LGHS) Model: This is a simplified model with
heavy sleptons. In this scenario both L and R-type sleptons are assumed to be heavy.
Here χ˜±1 and χ˜02 decay only via on-shell or off-shell W and Z bosons respectively and
the LSP. These heavier gaugino mass eigenstates are assumed to be wino dominated
and mass degenerate while the χ˜01 is bino dominated.
The CMS collaboration has also searched for final states with two, three and four leptons
indicating the direct production of charginos and neutralinos [25,27] in the LGLS, LGRS and
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LGHS models defined above. In contrast to the ATLAS analysis the compositions of the EW
gauginos are fixed in this case. The χ˜±1 and χ˜02 are assumed to be wino dominated and mass
degenerate while the χ˜01 is assumed to be bino like. However, both in LGLS and LGRS
model the mass of the slepton (ml˜) is allowed to vary and is parametrized by ml˜ = mχ˜01 + xl˜
(mχ˜±
1
−mχ˜0
1
), where 0 < xl˜ < 1.
• We have also used the CMS constraints in the LGRS model with e) xl˜ = 0.25, f) xl˜ = 0.5
and g) xl˜ = 0.75 which will be referred to as LGRSe, LGRSf and LGRSg respectively.
Both the LHC collaborations have searched for slepton pair production via the opposite
sign dilepton channel.
• In the the Light Left Slepton (LLS) Model it is assumed that only the L-sleptons and
the sneutrinos are light and all other sparticles are heavy. Thus the sneutrino is the
the next lightest supersymmetric particle (NLSP) while the slepton decay into the LSP
and a lepton with 100 % BR. We shall use the ATLAS constraint for a bino like LSP
and have taken µ = 1000 GeV and tanβ = 6.
The current LHC experiments are sensitive to L-type slepton pair production only. The
cross-section of R-type slepton pair production is too small to affect the present search re-
sults. However, they may have significant influence on DM production.
• We have also examined the Light Right Slepton (LRS) model constrained by the DM
relic density alone. All sparticles other than the LSP and the R-type sleptons are
assumed to be heavy.
We shall also consider the following models with both R and L type sleptons having
equal soft breaking mass parameters. In these model the possibility of L-R mixing among
the third generation sleptons lead to interesting consequences in the context of both collider
and DM physics.
• The Light Left and Right Slepton (LLRS) Model: We have considered two variants of
the this model. First we have taken µ = 1 TeV as before. Here the µ tanβ term induces
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large mixing in the stau mass matrix and the lighter stau mass eigenstate (τ˜1) could be
significantly lighter than the other sleptons so that it turns out to be the NLSP. This
model will be referred to as the LLRS model with large mixing (LLRSLM).
Next we choose µ = 400.0 GeV. Here all L and R sleptons are approximately mass
degenerate due to small mixing in the stau sector. As a result the sneutrino is still the
NLSP. This is the LLRS model with small mixing (LLRSSM).
In this paper we have computed the sparticle spectra and the decay BRs using SUSPECT
(v2.41) [31] and SDECAY [32]. DM relic density has been computed by micrOMEGAs
(v.2.4.1) [33]. The observed DM relic density (Ωh2) in the universe measured by the Wilkin-
son Microwave Anisotropy Probe (WMAP) collaboration [34] is given by Ωh2 = 0.1157 ±
0.0023. If 10% theoretical uncertainty is added [35] then the DM relic density is bounded by
0.09 ≤ Ωh2 ≤ 0.13 at 2σ level. Recently the Planck collaboration has measured the same
quantity and found Ωh2 = 0.1199 ± 0.0027 at 68 % CL [36]. This result is compatible with
the WMAP data.
We now identify the parameter spaces allowed by the LHC and the relic density con-
straints in the models discussed above :
2.1 The LGRS Model :
Observed 95% CL exclusion contours in the µ −M2 plane in the LGRSa, LGRSb, LGRSc
models introduced above have been obtained by ATLAS [24,26] from unsuccessful chargino-
neutralino searches. For ready reference we have presented them in Fig. 1(a), 1(b) and
1(c) for M1 = 100, 140 and 250 GeV respectively. In each of these figures we have also
superimposed the parameter space allowed by the observed DM relic density ( the shaded
regions). The orange region is excluded by the LEP2 constraint mχ˜±
1
> 103.5 GeV.
In Fig. 1(a) the region between the upper red line and the lower red/blue line are excluded
by the ATLAS data. The parameter space for µ ≃ M1 and, in general, low values of µ
are disfavoured by the ATLAS/LEP constraints irrespective of M2. Thus a strongly mixed
neutralino (bino-wino-higgsino or bino-higgsino) is disfavoured. The limits disappear when
both µ and M2 are large (the upper right corner) as production cross-sections are smaller.
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Figure 1: Red lines represent observed 95% CL limit contours from chargino and neutralino production in
the pMSSM by ATLAS [24, 26] for M1= 100 GeV (a), M1= 140 GeV (b) and M1= 250 GeV (c). Blue lines
represent the earlier limits from the combined 2l and 3l analysis [24] at the LHC 7 TeV run. Black (+ marked)
points give WMAP allowed DM relic density.
However, this region is disfavoured by the relic density data. For high µ and low M2 the
mass differences between χ˜01 and χ˜02 or χ˜±1 are rather small and there is no limit due to
reduced sensitivity. This region is consistent with the observed DM relic density. In Fig.
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1(a) the difference between mχ˜±
1
and mχ˜0
1
in the region allowed by both LHC and WMAP
experiments is typically 25 - 30 GeV.
Thus for relatively low M1 both the ATLAS and WMAP data favour a Bino dominated
LSP. In Fig. 1(a) the LSP pair annihilation into l+l− (bulk annihilation) and LSP - R-slepton
co annihilation are the dominant relic density producing mechanisms. A modest fraction of
the relic density is also produced by annihilation into the W+W− for relatively low µ which
become rather tiny for µ ≥ 500.0.
The same qualitative features are also observed in Fig. 1(b). In Fig. 1(b) the combination
of ATLAS and WMAP constraints also favour a bino dominated LSP. However, a sizable
wino and higgsino components are allowed for relatively small µ. Here LSP annihilation into
gauge boson pairs is the dominant source of relic density production while bulk annihilation
as well as LSP -slepton coannihilation is also present. As µ increases the former becomes
less important and for µ >∼ 500 it reduces to the 10 % level.
In Fig. 1(c) with relatively large M1 the situation is somewhat different. Here the pa-
rameter space between the blue line and the upper red line is allowed. The lower left corner
corresponding to relatively low µ and M2 is forbidden because of large cross sections. The
upper right corner corresponding to relatively large µ and M2 is disfavoured by the negative
LHC search results since the mass difference between χ˜±1 and the χ˜01 is large. In the allowed
region the mass difference between χ˜01 and χ˜±1 is small leading to lower sensitivity. It is
interesting to note that the LHC constraints allow many different mixed and pure states for
the LSP. However, in the WMAP allowed zone it is bino dominated with some wino and
higgsino admixtures. As a result LSP pair annihilation into W+W− and tt¯ are the dominant
DM producing mechanism with many other annihilation and coannihilation channels making
small contributions.
We have also considered the constraints from CMS [25] in the LGRS model with variable
slepton mass. The 95 % CL exclusion contours are presented in Fig. 2. Exclusion contours
for LGRSe, LGRSf, LGRSg models are represented by violet, red and blue lines. If the
slepton mass, i.e., the parameter xl˜, is varied, the limits on chargino - neutralino masses do
change but not drastically.
Following the same color convention, WMAP allowed points represented by triangles
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Figure 2: Observed 95 % CL limits in the simplified models with intermediate sleptons (R-type) decay by
the CMS [25]. Here sleptons mass is chosen as ml˜ = mχ˜01 + xl˜ (mχ˜±1 − mχ˜01). Violet, red and blue lines
represent the exclusion contour for xl˜ = 0.25, 0.50 and 0.75 respectively. Violet (triangle), red (x marked) and
blue (square) points give WMAP allowed DM relic density following the same color convention.
(violet), crosses (red) and squares (blue) are superimposed on Fig. 2. Here χ˜01 is bino like
and χ˜±1 is wino like. We have taken µ = 1000 GeV and tanβ = 6.
It follows from Fig. 2 that the observed DM relic density is obtained for mχ˜0
1
≈ mh/2
due to LSP pair annihilation into the Higgs resonance. It may be noted that this LSP mass
is already ruled out for mχ˜±
1
< 370 GeV by the CMS search. For LSP masses little below
mh/2 the observed DM relic density may occur due to additional contributions from bulk
annihilation via light R-sleptons.
Some parameter spaces adjacent to the mχ˜0
1
≈ mh/2 line are also consistent with the
observed DM relic density for R-slepton masses in the small range (100 - 110 GeV) just
12
above the LEP limit (see Fig. 2). These regions correspond to different mχ˜±
1
due to the fact
that for smaller xl˜, larger mχ˜±
1
yield the R-slepton mass in the above range. Here the main
contribution to the relic density comes equally from three annihilation channels : χ˜01χ˜01→ ee¯,
µµ¯, τ τ¯ . However bulk of this parameter space is already disfavoured by the CMS data.
In Fig. 2, the R-slepton - LSP coannihilation strips corresponding to the observed DM
relic density are shown in the large neutralino mass region (mχ˜0
1
> 100 GeV). LSP pair
annihilation into ee¯, µµ¯ and τ τ¯ final states still contribute 60 to 80 % in different regions.
However, l˜Rχ˜01 coannihilations into final states with γl or Zl vary between 15 to 35 % de-
pending on the parameter space. These WMAP allowed regions are well outside the present
CMS exclusion contour.
2.2 The LGHS Model :
In Fig. 3 the red lines represent the observed 95% CL exclusion contours [26] in the simpli-
fied LGHS model where χ˜±1 and χ˜02 decay into the LSP and gauge bosons - real or virtual.
More stringent limits are obtained with the 8 TeV data compared to the ones from the 7 TeV
run [24] ( the blue lines). In this model χ˜± masses upto 300 GeV are excluded for small mχ˜0
1
and there is no limit for mχ˜0
1
>
∼ 90 GeV. The CMS limits [27] are very similar.
The WMAP allowed parameter space represented by the black crosses has two distinct
regions. For mχ˜0
1
≃ mh/2, we get WMAP allowed DM relic density due to LSP pair annihi-
lation into the Higgs resonance of mass ≃ 125 GeV. The dominant relic density producing
mechanism is χ˜01χ˜01 → h → bb¯ (nearly 85 %). Here the predicted relic density is to a large
extent independent of other SUSY parameters. At present the collider data disfavours this
LSP mass for a limited range of chargino mass as shown in Fig. 3 in this heavy slepton
scenario.
If the chargino - LSP mass difference is small we also get the correct DM relic density
along a coannihilation strip near the mχ˜±
1
= mχ˜0
1
line. In this case several annihilation and
co-annihilation processes among χ˜01, χ˜02 and χ˜±1 contribute significantly. We note in passing
that the ATLAS group has not considered the χ˜02 decays via the hχ˜01 channel which could
be important in some regions of Fig. 3. For example, with mχ˜±
1
= 300 GeV and mχ˜0
1
≃ 60
GeV, the above mode is the most dominant decay channel of χ˜02. This mode will deplete the
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Figure 3: Red lines represent observed 95% CL limit contours for chargino and neutralino production in the
simplified models (with heavy sleptons) by ATLAS [24, 26]. Blue lines correspond to 7 TeV limits from 3l
analysis [24]. The X marked black points are allowed by the WMAP data.
trilepton signal in the neighbourhood of the above point.
The LGHS model can be motivated by a mSUGRA type model with radiative elec-
troweak symmetry breaking and non-universal gaugino masses. Here the common scalar
mass m0 and the SU(3)c gaugino mass M3 are taken to be large at the GUT scale but M1
and M2 are relatively light. With m0 = 2 TeV, M3 = 1 TeV, M1 = 300 GeV and M2 = 180
GeV, we obtain the following light EW sparticles : mχ˜0
1
= 124 GeV, mχ˜±
1
= mχ˜0
2
= 138 GeV.
Moreover from radiative EW symmetry breaking we obtain µ = 2.1 TeV. This ensures that
χ˜01 is bino dominated and χ˜02, χ˜± are wino dominated. With this spectrum we find Ωh2 =
0.10.
The LGHS model has also been constrained by indirect search for DM [37]. Such con-
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straints -though interesting- involve uncertainties often associated with the interpretation of
astrophysical data. This will be briefly discussed in Sec. 3.
2.3 The LLS Model :
In Fig. 4 we have presented the ATLAS exclusion contour (red lines) in the mχ˜0
1
−m
l˜L
plane
obtained from the search for L-slepton (see footnote 4) pair production in the opposite sign
dilepton channel. In this model R sleptons and all EW gauginos except the LSP, are assumed
to be heavy. Before the advent of the LHC, the LEP experiments had obtained a limit on
the mass of the µ˜R as shown in Fig. 4. This limit implies that the left handed sleptons of
equivalent masses are automatically excluded.
In order to calculate the DM relic density we have chosen µ = 1 TeV and tan β = 6.
With this choice the LSP is dominantly a bino. The points consistent with WMAP data are
denoted by black motifs (triangle or diamond shape) for LLS scenario. As noted above the
observed DM relic density may occur via LSP pair annihilation into the Higgs resonance
(black triangle) for mχ˜0
1
≈ mh/2 irrespective of the other sparticle masses. This LSP mass,
however, is already disfavoured for a range of slepton masses as shown in the Fig. 4.
For larger LSP masses the region corresponding to appropriate relic density yieldsmχ˜0
1
≃
mν˜ . In this LLS scenario the sneutrino is the NLSP and LSP - NLSP co-annihilation is the
dominant DM producing mechanism for black diamond points. We have taken the standard
formula involving the SU(2)L breaking D-term which relates the slepton and the sneutrino
mass. This coannihilation strip (represented by diamond shape) is not yet sensitive to slepton
searches as the m
l˜L
−mχ˜0
1
is rather small (25.0 GeV - 35.0 GeV ).
2.4 The LLRS Model :
It may be recalled that the presence of light R-sleptons does not affect the current LHC
searches in this channel. These sleptons, however, significantly affect the relic density pro-
duction mechanism.
We have also indicated in Fig. 4 the additional WMAP allowed regions for m
l˜L
≃ m
l˜R
and µ = 1000 GeV (LLRSLM model) by the red motifs (empty circle, triangle and filled
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Figure 4: The red line represents 95 % CL exclusion limits [23] for slepton pair production in the ml˜ - mχ˜01
plane in a pMSSM model. Yellow region is excluded by LEP experiments on direct slepton pair production.
Black, red and blue colored points give WMAP allowed DM relic density in different models and the main
channels contributing to the DM relic density are illustrated by points with different shape (see text for details).
circle). For relatively small mχ˜0
1
the LSP may dominantly pair annihilate into τ+ − τ− to
produce the DM relic density (see the vertical strips containing empty circles). Annihilation
into other lepton-antilepton pairs also contributes albeit to a lesser extent. A sizable part
of this region corresponding to low LSP masses is already ruled out by the ATLAS data.
However, for larger LSP masses a parameter space is still allowed by both WMAP and LHC
data. Here LSP-stau coannihilation as well as a modest contribution from bulk annihilation
produce the relic density.
This class of model can be motivated by a mSUGRA type model with radiative elec-
troweak symmetry breaking with non-universal gaugino masses if m0, M1, M2 are taken to
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be relatively light while M3 is large. With M1 = 500 GeV, M2 = 700 GeV, M3 = 1 TeV
and the common scalar mass m0 = 190 GeV we obtained the following spectrum compatible
with WMAP data : mχ˜0
1
= 209 GeV, mχ˜0
2
= mχ˜± = 565 GeV, mτ˜1 = 215 GeV, e˜R = 268 GeV,
ν˜τ = 471 GeV, ν˜e = 482 GeV, e˜L = 488 GeV. Here µ = 1.9 TeV and Ωh2 = 0.104.
The points consistent with the WMAP data in the LLRSSM model are denoted by the
blue motifs (circle, triangle and diamond shape). The pattern is roughly the same as the
one exhibited by the red points. However, in the blue coannihilation strip corresponding to
relatively large neutralino masses the sneutrino(NLSP) - LSP coannihilation is important.
Bulk annihilation also contributes to some extent. It is clear that for different choices of µ a
large fraction of the parameter space allowed by the ATLAS L-slepton search is consistent
with the WMAP data.
 0
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 0.15
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 0.25
 0.3
 50  100  150  200  250  300
Ω
h2
 M1
Light L-slepton 
Light R-slepton 
Light LR-slepton 
Figure 5: M1 vs Ωh2 for different choices slepton masses (see text for details). Purple horizontal lines
represent the WMAP allowed DM relic density band (0.09 to 0.13).
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It follows from Fig. 4 that rather small ranges of LSP and slepton masses have been
probed by the current slepton search experiments. We next examine the prospect of DM
relic density production for larger LSP and slepton masses. The WMAP allowed regions in
the LLS, LRS and LLRSLM models are shown in Fig. 5 by the area between the two purple
horizontal lines. In all models relic density production via the higgs resonance is allowed for
mχ˜0
1
≈ mh/2. In each model we have varied the slepton mass input parameter (same for all
three generations) in the range between 100 to 300 GeV in steps of 5 GeV. We have taken µ
= 1.5 TeV in each case and varied M1 in the range between 0 to 300 GeV in steps of 1 GeV.
In the LLS model (blue + points of Fig. 5) the DM producing mechanism is the same as
in Fig. 4. In the LRS model (black triangles) bulk annihilation is the main DM producing
mechanism for a small range of LSP mass just above the Higgs resonance provided the R-
slepton mass is close to the LEP limit (see the near horizontal lines of Fig. 5). As the LSP
mass increases LSP-R-slepton coannihilation represented by the sharply falling lines takes
over and this mechanism works for much larger LSP masses.
In the LLRSLM model (red cross marks) both left and right slepton mass input parame-
ters are same and here the stau is the NLSP. The DM producing mechanisms are as in Fig. 4
even for larger LSP masses.
Some of the WMAP allowed points in Fig. 5 lead to interesting collider signals as we
shall discuss in the next section.
2.5 The LGLS Model :
The ATLAS collaboration has also searched for chargino-neutralino production in the LGLS
model. The constraints are summarized in Fig. 7(a) of [26]. We follow their choice of the
charged slepton mass: ml˜L = (mχ˜01 + mχ˜±1 )/2. However, we donot make the unrealistic
choice ml˜L = mν˜ . It may be noted that due to SU(2)L breaking D-terms the sneutrinos
are always lighter than the corresponding charge sleptons. For computing the relic density
and the collider signals we shall use the well known relation between slepton and sneutrino
masses in the MSSM.
It is also worth noting that the modified sneutrino mass in the LGLS model may change
in principle the bounds depicted in Fig. 7(a) of [26]. We have checked that for lighter
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sneutrinos the BR of the decay χ˜02 → ν˜ν increases by a few percents. The sneutrinos decay
invisibly via the channel νχ˜01 . As a result the trilepton signal from χ˜±1 − χ˜02 production is
mildly suppressed. This weakens the limits obtained.
The smaller neutrino mass facilitates the DM relic density production via sneutrino
NLSP-LSP co-annihilation. As in the LLS model this happens to be the most important
relic density production mechanism.
We shall conservatively use the somewhat stronger limits obtained in [26]. Although
the chargino and the χ˜02 are lighter in this model they are still heavier than the sleptons and
contribute negligibly to the relic density production. In the next section we shall choose
benchmark points in this model taking into account the constraints shown in Figs. 4 and 5 of
this paper.
3 Collider Signals and Other Observables
It follows from the last section that if mχ˜0
1
≈ mh/2 the required DM relic density can be
produced even if all other EW sparticles are heavy. The monojet + E/T events [38] can in
principle probe this scenario. There are recent suggestions that this LSP mass can be probed
by the upcoming direct search experiments [14, 39, 40]. This scenario reminds one of the
importance of a e+e− collider which can efficiently detect invisible particle production via
the process e+e−→ γ +E/T . In this case the high energy photon is generated by initial state
radiation and can be detected easily in the clean environment of a e+e− collider [41, 42]. In
the models where the sneutrino is the NLSP, it decays invisibly. In such case this signal will
be further enhanced [41, 43].
The scenario mχ˜0
1
≈ mh/2 has already been constrained by the LHC data if the LSP is
accompanied by one or more relatively light EW sparticles. It can be readily seen from Figs
2 - 4 that mχ˜0
1
≈ mh/2 is disfavoured for certain ranges of masses of the accompanying light
sparticle/ sparticles.
Part of the WMAP allowed parameter space lying close to the existing exclusion con-
tours in Figs. 1(a) - 1(c) is likely to be probed by the future experiments on the EW sparti-
cles search. The same can be said about the bulk annihilation regions in the LLRSLM (red
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crosses) and LLRSSM (blue crosses) in Fig. 4.
However, the coannihilation strips in Figs. 2 - 4 will be difficult to probe at the LHC via
the conventional electroweak signals. This is essentially due to the fact that they involve two
or more nearly degenerate sparticles. It may be recalled that the LEP experiments obtained
bound on a sparticle mass even if it is nearly degenerate with the LSP. It is, therefore, reason-
able to believe that the sparticles producing the DM relic density via suitable co-annihilation
mechanism can be successfully searched by the future e+e− experiments.
There are scenarios, not discussed above, which can efficiently produce the DM relic
density but the LHC signatures will be rather hard to detect in the near future. The light
R-slepton (LRS) scenario is a case in point. Here the DM relic density can be efficiently
produced by bulk annihilation and/or LSP - R-slepton coannihilation. However, as already
noted the R-slepton pair production cross section at the LHC is too small. Again a e+e−
collider will be best machine for probing this scenario.
If one or more strongly interacting sparticles are just beyond the current reach of the
LHC experiments, then some of the light sleptons scenarios allowed by the WMAP data
may lead to distinctive signatures in the n-leptons + m-jets + E/T channel for different values
of n. This was demonstrated by the light stop scenario or the light stop-gluino (LSG) scenario
in [15]. Several other groups have also considered such possibilities [44].
In this paper we shall concentrate on the light gluino - heavy squark scenario. We sub-
stantiate the above claim with the help of several benchmark points chosen from the models
introduced in the last section. All points are allowed by LHC and WMAP constraints. In the
following discussion we take mg˜ = 1 TeV which is approximately the current gluino mass
limit if all squarks are heavy.
The mass spectra corresponding to our benchmark points are presented in Table 1. The
decay modes relevant for the gluino signal and their branching ratio (BRs) are included in
Table 2. Next we will discuss the characteristics of these points.
BP1 and BP2 are taken from LGRSa and LGRSc scenarios (Figs. 1(a) and 1(c)) respec-
tively. Note that the decay modes and BRs are very similar for these two points. However,
the gaugino masses are relatively large in BP2. For reasons already discussed the χ˜± domi-
nantly decays to τ˜1ντ .
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Benchmark Taken mχ˜0
1
mχ˜±
1
mχ˜0
2
m
l˜L
m
l˜R
mτ˜1 mν˜L
Points From (l = e, µ) (l = e, µ)
(GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV)
BP1 Fig. 1(a) 97 127 127 2000 112 112 2000
BP2 Fig. 1(c) 238 271 276 2000 257 257 2000
BP3 Fig. 3 62 152 152 2000 2000 2000 2000
BP4 Fig. 3 62 351 351 2000 2000 2000 2000
BP5 Fig. 3 150 166 166 2000 2000 2000 2000
BP6 Fig. 2 149 206 206 2000 163 163 2000
BP7 Fig. 4 96 610 610 128 2000 128 103
BP8 Fig. 5 199 257 257 224 2000 224 211
BP9 Fig. 5 292 375 375 313 2000 313 304
BP10 Fig. 5 240 341 341 273 273 244 263
Table 1: The mass spectra corresponding to different benchmark points taken from different regions
of Fig. 1 - Fig. 5 consistent with the LHC and WMAP constraints.
BP3, BP4, BP5 are chosen from the LGHS scenario (Fig. 3). In BP3 and BP4, mχ˜0
1
≈
mh/2. In both the cases the correct DM relic density is produced due to the Higgs resonance.
In BP4, mχ˜±(≈ mχ˜0
2
) is much larger than that in BP3. As a result χ˜02 dominantly decays into
hχ˜01 which suppresses the leptonic signals. For BP5 lying on the coannihilation strip in Fig.
3, mχ˜± ( = mχ˜0
2
) and mχ˜0
1
are very close. This also suppresses the leptonic signals as we shall
see below.
BP6 is chosen from LGRSe model (Fig. 2) where right handed slepton mass = 0.75
×mχ˜0
1
+ 0.25×mχ˜±
1
( xl˜ = 0.25). Here the LSP-slepton mass difference is rather small while
chargino-slepton mass difference is large. In this case the relevant decay modes and their
BRs are similar to BP1 or BP2. We have also considered xl˜ = 0.25 and 0.5, but the gluino
signal discussed below does not show any new feature.
BP7 is chosen from LLS scenario (Fig. 4). The chargino is much heavier than the slepton
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Decay BP1 BP2 BP3 BP4 BP5 BP6 BP7 BP8 BP9 BP10
Modes
g˜ → χ˜01qq¯ 11 11 11 17 11 12 60 12 15 15
→ χ˜±1 qq′ 55 43 59 56 59 58 26 58 56 56
→ χ˜02qq¯ 28 20 30 27 30 30 14 30 29 29
χ˜±1 → χ˜01qq′ - - - - 67 - - - - -
→ χ˜01ℓνℓ - - - - 33 - - - - -
→ χ˜01W - - 100 100 - - - - - -
→ ν˜ττ - - - - - - 17 22 19 19
→ τ˜1ντ 100 100 - - - 100 16 12 14 13
→ ν˜ℓl - - - - - - 34 43 37 37
→ l˜Lνl - - - - - - 32 23 29 29
χ˜02 → χ˜01h - - - 92 - - - - - -
→ χ˜01Z - - - 8 - - - - - -
→ χ˜01γ - - - - 25 - - - - -
→ l˜±L l∓ - - - - - - 33 25 30 29
→ ν˜ℓν¯l - - - - - - 33 42 37 36
→ l˜±Rl∓ 67 67 - - - 65 - - - -
→ τ˜±1 τ∓ 33 33 - - - 35 17 12 15 14
→ ν˜τ ν¯τ - - - - - - 17 21 18 18
→ χ˜01qq¯ - - 70 - 60 - - - - -
→ χ˜01ℓ±ℓ∓ - - 10 - 5 - - - - -
→ χ˜01νν¯ - - 20 - 10 - - - - -
Table 2: The BRs (%) of the dominant decay modes of g˜ (for mg˜ = 1 TeV), χ˜±1 and χ˜02 for the
benchmark points. Here l stands for e and µ, but ℓ denotes all three generation leptons.
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but lighter than the gluino. This does not affect the slepton pair production signal. Here BR
(g˜ → χ˜01qq¯) is 60 %. As a result the SSD signal will be suppressed (see Table 3). This point
is also allowed by the chargino - neutralino search in LGLS model (see Fig. 7(a) of [26]).
BP8, BP9 belong to the LGLS model discussed at the end of the last section. These
points are allowed by the chargino - neutralino search (see Fig. 7(a) of [26]) and consistent
with the WMAP data (see Fig. 5).
The point BP10 in the LGLRS scenario with both light L and R type sleptons is consis-
tent with the WMAP data (Fig. 5) and all LHC search results.
Next we turn our attention to the n-leptons + m-jets + E/T (n ≥ 0) signal in the light
gluino scenario. We have concentrated on the gluino mass limits obtained in the n = 0 and n
= 2 (SSD) channel using the current ATLAS data.
ATLAS group has updated their result for SUSY search in jets + E/T channel (n = 0) for
L = 5.8 fb−1 at 8 TeV [9]. They have defined five inclusive analysis channels labelled as A
to E according to jet multiplicity from two to six. The details of the cuts are given in Table
1 of [9]. Depending upon the final cuts on the observables E/T / meff and meff (incl.) each
channel is further classified as ‘Tight’,‘Medium’ and ‘Loose’. ATLAS has finally presented
the results for 12 signal regions and has constrained any new physics model in terms of
upper limit on the effective cross-section σBSM /fb or number of eventsNBSM . The observed
upper limits on NBSM at 95 % Confidence Level (CL) for signal regions SRA-Tight, SRA-
Medium, SRA-Loose, SRB-Tight, SRB-Medium, SRC-Tight, SRC-Medium, SRC-Loose,
SRD-Tight, SRE-Tight, SRE-Medium, SRE-Loose are 8.9, 33.9, 224.8, 7.3, 43.8, 3.3, 17.9,
65.7, 6.0, 9.3, 9.9, 10.4 respectively [9].
Event selection criteria and details of the cuts for two same sign dilepton search by
ATLAS are available in [10]. The observed upper limits on NBSM at 95 % confidence level
(CL) for this channel at L = 5.8 fb−1 is 6.3.
We have adopted different selection criteria for different signal regions and checked
whether the no of events coming from g˜g˜ pair production exceed the corresponding upper
limit for at least one signal region. In this way we have derived the new limits. Using
PYTHIA (v6.424) [45] Monte Carlo (MC) event generator, we have generated the signal.
The next to leading order (NLO) cross-section for the g˜g˜ pair production have been computed
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by PROSPINO 2.144 [46] with CTEQ6.6M PDF [47].
Limits on mg˜ using the ATLAS jets + E/T [9] data and the SSD [10] data are presented
in Table 3. In most cases the SRD-Tight signal region [9] is effective in finding the revised
exclusion limit for different EW sectors.
It is clear from Table 3 that in the LGHS model strongest limits (mg˜ ≥ 1150 GeV) come
from ATLAS jets + E/T [9] data for BP3 - BP5. On the other hand the SSD signal is severely
depleted in BP4 ( due to the spoiler mode χ˜02→ hχ˜01 ) and BP5 (due to small mass differences
among the EW gauginos). It will be interesting to check whether the higgs boson in the final
state can be reconstructed to distinguish BP4 from other scenarios. In BP5 a fair fraction of
the final state will contain an isolated photon (see Table 2). In fact we have checked that all
along the coannihilation strip in Fig. 3 the decay χ˜02 → γχ˜01 occur with moderately large BR.
It will be challenging to nail down this scenario by identifying the photon.
Points Limit on mg˜ (GeV)
Jets + E/T data [9] SSD data [10]
BP1 1050 850
BP2 950 760
BP3 1130 740
BP4 1150 -
BP5 1140 -
BP6 1050 840
BP7 1010 -
BP8 880 960
BP9 730 930
BP10 780 960
Table 3: Limits on mg˜ using the ATLAS jets + E/T [9] data and the SSD [10] data.
For BP1, BP2, BP6 and BP7 gluino mass limit is about 1 TeV from the jets + E/T data.
The SSD channel puts weaker constraints. In BP7 with relatively heavy chargino, the limits
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from the SSD channel disappears.
In BP8, BP9, BP10 jets + E/T data puts a weaker limit on mg˜ (see Table 3 for details).
In fact in all cases the SSD (2l) signal is more sensitive to mg˜ than the 0l signal. It may be
noted that all these points are either from LGLS or LGLRS scenario i.e., the models contain
light L-sleptons.
The above discussions suggest that should a SUSY signal be seen, the relative size of
0l and SSD signal may provide some hint for the underlying electroweak sector with light
sleptons. In Table 4 we present the ratio r1 of 0l events (with SRD-Tight signal region) [9]
and the SSD events [10] for mg˜ = 1.2 TeV. In the second column the sparticle spectra as in
Table 1 have been used to compute r1. In the third column only the light sleptons in each
scenario are replaced by heavy sleptons for computing the same ratio denoted by r2. It may
be noted that irrespective of the electroweak sector concerned r1 < 10. On the other hand
in other scenarios not presented in Table 4, r1 is very large. This ratio, free from many
theoretical uncertainties, may turn out to be an useful model discriminator.
Points With light slepton Without light slepton
r1 =
S(0l+j+ 6ET )
S(2l+j+ 6ET )
r2 =
S(0l+j+ 6ET )
S(2l+j+ 6ET )
BP1 5.04 19.52
BP2 3.89 12.16
BP6 7.99 35.36
BP7 2.59 56.28
BP8 1.81 39.65
BP9 1.51 28.17
BP10 1.49 28.33
Table 4: Here r1 ( r2 ) represents the ratio of 0l signal, with SRD-Tight signal region [9], and
2l signal [10] for mg˜ = 1.2 TeV for light (heavy) sleptons.
Interest in the light slepton scenario builds up in the context of the discrepancy between
the measured value of the (g-2) of the muon [29] and the standard model prediction. For a
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review of the theoretical prediction see, e.g., [48]. The alleged disagreement,however, hinges
on the belief that the tiny corrections to (g − 2)µ due to low energy strong interactions can
be computed very accurately. It is claimed that this can be achieved by computations using
the e+e− → hadron data. One then finds that a positive contribution from physics beyond
the SM of ∆aµ ≡ aµ(exp) − aµ(SM) = (26.1 ± 8.0) × 10−10 is required to resolve this
discrepancy. It is worth noting that if the same corrections are computed using the hadronic
τ decay data the agreement between the SM prediction and the measured value improves.
For a recent critical appraisal of different methods of computing the hadronic contribution
and possible sources of error see, e.g., [49].
It is well-known that SUSY can potentially enhance the (g − 2)µ. Moreover, it can be
computed in the models considered in this paper in a straightforward way, without invoking
additional assumptions. The major SUSY contributions may arise from i) the chargino -
sneutrino loop or ii) the neutralino - smuon (both L and R - type) loop [50]. Moreover,
these contribution can be computed in the models described in the previous section without
invoking any new assumptions.
SUSY contributions of type i) naturally arises in the LGLS model. Recently this model
has been constrained by simultaneously using the ATLAS data on chargino - neutralino
search and the (g − 2)µ data (see Figs. 1(a) - 1(c) of [51]) These constraints can not be
directly compared with the similar ones obtained by ATLAS [26], as they were obtained
with different MSSM inputs. However, the WMAP allowed regions in Figs. 1(a) - 1(b)
of [51] can be easily identified. It has already been noted in the last section that the relic den-
sity in this model is produced mainly by sneutrino-LSP co-annihilation. Thus the WMAP
allowed regions must lie just above the thick dark lines, representing mν˜ = mχ˜0
1
shown in
these figures. Using micrOMEGAs [33] we have checked that these points simultaneously
satisfy the LHC, the DM relic density and the (g − 2)µ constraints.
The contribution of type ii) arises in the light LGLRLM model with large higssino mass
parameter µ. The EW signals in this model have not been investigated by the LHC experi-
ments. However, as in the LGLS model the relevant constraints have been presented in Fig.
1(d) of [51]. In the model of [51] the right sleptons are heavier than the L-sleptons and the
sneutrino is the NLSP. As a result the sneutrino is the NLSP and NLSP - LSP coannihilation
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is the dominant DM producing mechanism. Thus the region just above the thick black line
of Fig. 1(d) of [51] represent the parameter space consistent with the WMAP data which is
also allowed by the (g − 2)µ and LHC constraints.
Several direct [52, 53] DM search experiments have been performed recently. Interest-
ing constraints on neutralino DM have been reported. As an example let us consider the
XENON100 experiment [53] which obtained an upper bound on the spin independendent
DM-nucleon scattering cross-section ( σSIP )as a function of the mass of the proposed DM
particle. Following the standard procedures one can compute this cross section in a given
model of neutralino DM and restrict the parameter space using the above upper bounds.
As an illustration one can look into Fig 5 of [39]. It follows that although some parameter
space is excluded by XENON100 experiment, the entire range of neutralino mass considered
by us and many DM producing mechanisms corresponding to these masses are still allowed.
Using representative points we have also checked that the parameter space probed by us
are by and large consistent with the XENON100 constraints. For example, in the LLRSSM
model (Fig. 4) with µ = 400 GeV the cross section varies between 4.7 × 10−10 pb and 1.7
× 10−9 pb for 40 <∼ mχ˜0
1
<
∼ 160 GeV. In the LLS and LLRSLM models with µ = 1000 GeV
the cross section varies between 5.9 × 10−11 pb and 1.1 × 10−10 pb for the same LSP mass
range. The above cross sections lie well below the corresponding XENON100 upper limits.
It should be borne in mind that the computation of σSIP involve large uncertainties. For
example, the DM relic density near the earth could be significantly different from the usually
assumed average value, due to clumpiness in the DM distribution. This may significantly
change the neutralino flux and , hence, the above upper bound. More important, the above
cross section depends on nuclear form factors not precisely known. Recently it has been
noted that a new determination of the strangeness content of the nucleon further relaxes the
upper bound on σSIP which allows more parameter space. Some of these uncertainties have
been discussed in the latest version of micrOMEGAs 3.1 (see [54] and references therein).
This clearly demonstrates that the conclusions from the XENON experiments are yet to
stabilize.
Since DM is distributed all over the universe, it natural to expect that various astrophys-
ical data can potentially shed light on DM physics. These experiments, popularly known as
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indirect detection experiments, have reported some anomalies in the measurement of some
cosmic ray fluxes [55,56]. However, opinion about there results differ (for a list of critiques,
see, e.g., refs 6 -12 of [37]).
We now briefly comment on a few searches which are less controversial. A discussion
on the corresponding uncertainties can be found , e.g., in [37]. The Fermi-LAT collaboration
has examined diffuse γ-ray emission in dwarf spheroidal (dSph) galaxies [57] and also in the
Milky Way [58,59]. Dark Matter candidates with a total annihilation cross section of 〈σv〉 =
3 ×1026 cm3/s have been ruled out if the mass of the DM candidate is <∼ 30 GeV, although
the limit weakens considerably for higher DM masses. Moreover the analysis of ref [57]
indicates that the uncertainties associated with the DM energy density profile of individual
dSph galaxies may relax the bound significantly.
In ref [37] bounds on the pair annihilation cross section of a generic DM candidate
into W+W− was obtained as a function of DM mass using the PAMELA measurement of
the galactic antiproton flux [60, 61]. The results were competitive with the corresponding
bounds from FERMI-LAT mentioned above. However, this analysis also has its share of un-
certainties. The bounds depend on the choice of the propagation parameters of the antiproton
and uncertainties in the estimates of the astrophysical background. Using a specific choice
of propagation parameters and a conservative background estimates, it was shown that for
mχ˜0
1
≤ 150 GeV, one can rule out LSP-chargino mass splittings up to 20 GeV [37]. This re-
sult if established conclusively, may nicely complement the LHC searches, which are rather
insensitive to small LSP-chargino mass splittings. It has also been found that pure wino or
wino-like neutralinos are excluded if they are lighter than 450 GeV.
We end this discussion by noting that none of the indirect search experiments are on the
same footing as the WMAP experiment. The WMAP experiment probes the standard model
of cosmology as a whole. Their measurement of the DM relic density is, therefore, part of a
much larger canvas (i.e., our current understanding of the universe).
In contrast the above direct and indirect searches - though interesting - have limited
goals. More important, the interpretation of their results involve additional assumptions and
astrophysical inputs which cannot be justified rigorously with our present state of knowledge.
In our opinion it is best to treat these results as hints rather than conclusive evidences.
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4 Conclusions
In this paper we have considered several scenarios involving light EW sparticles (Section 2)
which can potentially explain the observed DM relic density of the universe. Some of these
scenarios have been constrained by the ATLAS and CMS data.
In the most economical model only the LSP is light with mass mχ˜0
1
≈ mh/2, while all
other sparticles are heavy. LSP pair annihilation into the lighter h-scalar is the relic den-
sity producing mechanism. The corresponding LHC signature in the monojet + E/T channel
would be rather hard to detect.
A two sparticle model of the EW dark matter consists of the LSP and a light R-type
slepton (the LRS model). This model has not been tested at the LHC so far as the R-slepton
production cross section is rather tiny. Both the above models may be easily tested at a
suitable e+e− collider.
Another two sparticle model which has already been tested by the search for slepton
pair production is the light L-slepton (LLS) scenario (see Fig. 4). The above choice mχ˜0
1
≈
mh/2 is disfavoured by the LHC data for 130 < ml˜L < 180 GeV. Apart from the LSP pair
annihilation into the h-resonance, LSP - sneutrino (NLSP) co-annihilation could be the main
relic density producing mechanism (see Fig. 4). The co-annihilation strip corresponding to
a small mass difference between the LSP and the L-slepton is far away from the parameter
space sensitive to the current LHC experiments. This indicates that it will be hard to test this
model by the LHC experiments at least in the near future.
A three particle model consisting of light L and R-type sleptons (LLRS) in addition to
the LSP will have the same LHC signature as the LLS model. However, due to the R-slepton
the DM producing mechanism could be different depending on the magnitude of mixing in
the stau mass matrix which determines whether the lighter stau or the sneutrino would be
the LSP. The parameter space consistent with the WMAP data with the choice ml˜R = ml˜R is
shown in Fig 4. The regions lying close to the present exclusion contours may be probed by
the next round of LHC experiments.
We have also considered the LLRS model with larger LSP and slepton masses. The
parameter space consistent with the WMAP data is shown in Fig. 5. The dominant relic
density producing mechanisms are more or less the same as the ones discussed above.
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A model with heavy sleptons but relatively light χ˜±1 and χ˜02 (LGHS) is another scenario
with three light sparticles considered in this paper. The present LHC constraints are exhibited
in Fig 3. The DM producing mechanism with mχ˜0
1
≈ mh/2 is disfavoured for 180 < mχ˜±
1
<
290 GeV. The co-annihilation strip shown in Fig. 3 is also consistent with the WMAP data.
Here χ˜01, χ˜02 and χ˜±1 are nearly degenerate. The LHC signature will be very hard to detect.
The LGRS model with four light sparticles consists of χ˜±1 , χ˜02 and the R-type slepton.
The ATLAS collaboration has taken ml˜R = (mχ˜01 +mχ˜02)/2. The resulting LHC and WMAP
constraints are shown in Figs. 1(a), 1(b) and 1(c). It is expected that the WMAP allowed
regions close to the present exclusion contour may be probed by the next round of exper-
iments. The CMS collaboration has assumed a more general relation between the slepton
and the gaugino masses (see Section 2). The resulting constraints both from LHC and the
observed relic density can be found in Fig. 2. A large fraction of the parameter space con-
sistent with the WMAP data has already been excluded. The regions close to the exclusion
contours may be probed in the near future. Probing the long coannihilation strips with nearly
degenerate R-slepton and the LSP at the LHC will be rather challenging.
A similar model comprising of χ˜±1 , χ˜02 and L-type sleptons (LGLS) have also been con-
sidered. The constraints from the ATLAS collaboration with the choice ml˜L = (mχ˜01 +
mχ˜0
2
)/2 can be found in Fig. 7(a) of [26]. The main relic density producing mechanism is
the LSP-sneutrino co-annihilation. As a result the mass splitting between the slepton and the
LSP is also small but not as small as that between the LSP and the sneutrino. Nevertheless
the trilepton signal in this model would be rather hard to detect.
The model with light electroweak gauginos and both L and R type sleptons (LGLRS)
have not been tested at the LHC. However, we have considered the signatures of this model
in the light gluino scenario (Section 3).
In addition to a light EW sector the gluino could be relatively light without affecting the
predictions for the DM relic density. However, this may lead to interesting consequences
for LHC search. In Table 2 we present the revision of the gluino mass limit for different
benchmark scenarios (see Table 1). These scenarios are consistent with the LHC constraints
on the electroweak sparticles and the observed DM relic density. It may be recalled that
in the mSUGRA model the strongest gluino mass limit for heavy squarks is about 1 TeV
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obtained by searches in the jets + E/T channel. It is worth stressing that in the LGLS and
LGLRS models (BP8, BP9 and BP10) the limit may be relaxed by as much as 25%. The
corresponding limits in the SSD + jets + E/T channel, however, are quite competitive with the
strongest limits currently available.
If the gluinos are just beyond the current reach of the LHC then EW scenarios having
different DM producing mechanisms, can be distinguished by the n-leptons + m-jets + E/T
signal. This is illustrated by the relative rates of the signal events for n=0 and n=2 (the SSD
signal) measured through the ratio r1 defined in Table 4. It may be stressed that this ratio
involves very little theoretical uncertainty and can be measured with sufficient accuracy if the
backgrounds are reduced to negligible levels with the accumulation of data. On the one hand
there are scenarios where the SSD signal is strongly suppressed and r1 is rather large (see
Table 4 second column). On the other extreme there are the LGLS or the LGLRS scenario
where r1 is small (Table 4 second column). It is worth noting that in all models with either
light L or R type sleptons r1 < 10. If the light slepton is removed the corresponding ratio r2
is much larger (see Table 4 third column).
The LGLS or the LGLRS model can potentially remove the alleged discrepancy between
the theoretical prediction for (g − 2)µ in the SM with the data. The parameter space com-
patible with LHC, WMAP and (g − 2)µ constraints can be easily located in Fig. 1 of [51].
The regions just above the thick black lines indicating mν˜ ≈ mχ˜0
1
in Figs. 1(a), 1(b) and 1(d)
satisfy all the above constraints.
The light slepton scenario as discussed in this paper are intimately connected to novel
collider signatures, the observed DM relic density of the universe and enhanced prediction
for the (g − 2)µ of the muon. It is, therefore, extremely important to asses the prospect of
searching the chargino-neutralino and slepton pair production signals at the LHC 13/14 TeV.
A recent analysis has addressed the prospect of gaugino pair production via gauge boson
fusion at the LHC 14 TeV experiments [62].
In this context it may be noted that in a large parameter space of the EW sector of the
MSSM, not extensively discussed, in this paper, the stau is the NLSP. In these regions the
electroweak signals dominantly consists of tau rich final states [63]. Using efficient tau
tagging at the LHC one can probe additional parameter spaces via these channels.
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